Abstract. Many products have a high failure rate in their early operating lives. step-down-stress accelerated life testing has been widely accepted as a method of screening out defects before a product is shipped to the customer. In the literature it is often assumed that the failure pattern follows a specific distribution and the step-down-stress accelerated life testing is operated under approximately the same environment as that of the early operating life of the product. In this paper we require the product life distribution to have some specified properties. The step-down-stress accelerated life testing is operated under severe (stress) conditions involving high temperature, voltage, etc. and the product's residual life depends on the step-down-stress level and the length of step-down-stress accelerated life testing period. Accelerated step-down-stress before shipment will reject poor-quality products and improve product reliability within a warranty period. Accelerated step-down-stress saves time but may cost more. Our goal is to find the appropriate testing parameters to minimize the total of testing, manufacturing, quality and reliability costs. The upper and lower bounds for the optimal step-down-stress accelerated life testing time are derived.
Introduction
Many products have a high failure rate in their early operating lives.
Step-down-stress accelerated life testing has been widely accepted as a method of screening out defects before a product is shipped to the customer. A common practice is to test the product until it reaches the change-point where the product failure rate decreases in the infant mortality stage to a constant level in the normal stage [1] [2] [3] . [4] [5] [6] [7] studied the effect of step-down-stress on the mean residual life of the product. [8] [9] [10] [11] [12] studied failure rate model. [13] [14] [15] [16] studied economic designs of step-down-stress procedures. [17] [18] [19] studied general discussions about step-down-stress.
As for the importance of life testing, many scholars are researching on the methods for it. Zhang Chun Hua [20] [21] proposed a new life testing which is called step-down-stress accelerated life testing. In 2013, [22] did a research on step-stress accelerated degradation test technology of electrical connector. In 2014, [23] studied the reliability evaluation of the o-type rubber sealing ring for fuse based on constant stress accelerated degradation testing. [24] studied step stress accelerated degradation process modeling and remaining useful life estimation. [25] studied product reliability assessment by combining accelerated degradation test and accelerated life test.
Step-down-stress accelerated life testing is a new type of life testing in which all the units are subjected to a group of step-down-stress. The stress is kept constant until a fixed time or a fixed number of units fail, and the un-failed units are put into the next experiment with lower stress. The experiment ends up till a fixed time or a fixed number of failure units.
Notations and Assumptions
We assume that every finished product is subject to a step-down-stress accelerated life testing and the product is non-repairable. There is a known relationship between stress conditions and the product life distribution. 
Assumptions
These include:
(
and r , where ) (t g is a hazard rate function satisfying;
is an increasing function of t for 0 ≥ s .
Some often used distributions satisfying assumption (1) are: Weibull distribution with (1) Here, the residual life is affected by the length of the step-down-stress period as well as the stress level 1 λ .
Cost Model
If the product fails during the step-down-stress period, the cost per unit consists of the step-down-stress failure cost and the testing cost. The product is shipped to the customer if it passes the step-down-stress test. The cost per unit consists of three parts. They are the step-down-stress cost in the step-down-stress period; the loss of goodwill cost when the product fails in the warranty period; and the operating failure cost which occurs when the product fails during the servicing period. The total cost per unit subject to a step-down-stress time 1 t is 
= (4) from assumption (1) and equation (1).
The total cost for the product without step-down-stress is ) ( ) ( ) 0 (
and
Optimal Step-Down-Stress Time
The optimal step-down-stress time is determined by minimizing the expected total cost ) ( 1 t m of operating an item in the step-down-stress period and the servicing period. Taking a derivative of the expected total cost with respect to r t ,
is the density function of ) (t F r .
Theorem 1
(a) If 
Theorem 2
If the optimal step-down-stress time is finite and positive, then The results in Theorems 1 and 2 identify the appropriateness of implementing the step-down-stress process before shipment. Theorem 2 gives the upper and lower bounds of the optimal step-down-stress time for a step-down-stress level 1 λ . The result is useful in estimating the optimal step-down-stress time numerically.
Example 1
Consider a step-down-stress process with the following cost parameters: , for 1200 0 ≤ ≤ t ; and 0 otherwise. Then the optimal step-down-stress time becomes 1.91 hours and the minimal cost is $227.3 which is $30.4 less than expected cost of no step-down-stress.
Effect of the step-down-stress level. It is noted that the step-down-stress cost and the product's residual life are functions of the step-down-stress level .A high step-down-stress level saves step-down-stress time. However ,it may not be economical when the step-down-stress cost is high and a high step-down-stress level causes damage to the product that affects its residual life. It is noted that if the relationship between the step-down-stress level and the residual life distribution is strong ,i.e. k is relatively large, then the optimal step-down-stress level is the normal stress level 0 λ .If the residual life distribution after step-down-stress is not seriously affected by the step-down-stress level, i.e. k is small , then there exists an optimal step-down-stress level * 1 λ . The following theorem gives the result for the case that residual stress level r λ does not depend on the step-down-stress level 1 λ .
